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Abstract Virus-contaminated soft fruits or vegetables are
increasingly identified as causes of foodborne viral illness.
Noroviruses and hepatitis A virus are the most common
pathogens in viral infections transmitted by these kinds of
foods. To improve microbiological detection and monitor-
ing and to increase insights into the contribution of fruits
and vegetables to foodborne viral transmission, sensitive,
reliable, and standardized methods are needed. More
studies on virus detection methods for foods are being
published, but validated consensus protocols are not yet
available. In this paper, different methodologies are
reviewed critically. The use of process controls and internal
amplification controls is discussed.
Keywords Extraction . Concentration . PCR . Vegetables .
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Introduction
Soft fruits and vegetables consumed raw are sources of fairly
large and growing numbers of viral infections in various
countries (Reid and Robinson 1987; Seymour and Appleton
2001). Among the foodborne enteric viruses, noroviruses
(NoVs) are the most common cause of illness (Koopmans
and Duizer 2004), but other viruses such as hepatitis A and
E virus (HAV and HEV), rotavirus, and enterovirus are
implicated in foodborne outbreaks as well (Dalton et al.
1996; Koff 1998; Matsumoto et al. 1989; Svensson 2000;
Tei et al. 2003). Frozen raspberries have been linked to at
least two outbreaks of HAV (Reid and Robinson 1987;
Ramsay and Upton 1989) and two outbreaks of caliciviruses
(Le Guyader et al. 2004a; Falkenhorst et al. 2005). In one of
these outbreaks, the same batch of raspberries caused a series
Food Anal. Methods (2008) 1:73–84
DOI 10.1007/s12161-008-9025-4
L. Croci :D. de Medici
Istituto Superiore di Sanità,
Viale Regina Elena 299,
00161 Rome, Italy
E. Dubois
Agence Française de Sécurité Sanitaire des Aliments,,
23 Avenue du Général de Gaulle,
94706 Maisons-Alfort, France
N. Cook
Central Science Laboratory,
Sand Hutton,
York YO41 1LZ, UK
A. C. Schultz : J. Hoorfar
Danish Institute for Food and Veterinary Research,
Moerkhoej Bygade 19, DK-2860 Soeborg,
Copenhagen, Denmark
B. China
Food Sciences Department, Faculty of Veterinary Medicine,
University of Liege,
Sart-Tilman,
4000 Liege, Belgium
S. A. Rutjes
Laboratory for Zoonoses and Environmental Microbiology,
RIVM,
Antonie van Leeuwenhoeklaan 9,
3720 BA Bilthoven, The Netherlands
W. H. M. Van der Poel (*)
Division Virology,
Central Veterinary Institute of Wageningen University Research,
Edelhertweg 14,
8219 PH Lelystad, The Netherlands
e-mail: wim.vanderpoel@wur.nl
of sub-outbreaks in which multiple strains of NoV infected
1,100 people in Denmark during summer 2005 (Falkenhorst
et al. 2005). In 2003, caliciviruses were detected in different
lots of Serbian frozen raspberries as reported in the EU
Rapid Alert Systems for food and feed. At least three
outbreaks of hepatitis A have been attributed to frozen
strawberries, and lettuce and raw blueberries were associated
with an outbreak of hepatitis A in New Zealand (Calder et al.
2003). In September 2003, during a big outbreak of hepatitis
A, which occurred in the USA and involved approximately
555 persons, three people died. Preliminary analysis of a
case–control study implicated raw green onions as the source
of the infection (Anonymous 2003; Wang and Moran 2004).
In the UK, 15.7% of all cases of infections linked with salad
and fruit consumption were correlated with NoV contami-
nation. These products, which are grown for relatively brief
periods and are normally eaten raw (e.g., green salad), are
considered particularly hazardous to consumers (Rosenblum
et al. 1990; Pebody et al. 1998). Contamination can occur
during growth of vegetables as a result of the use of
contaminated fertilizers or wastewater (Steele and Odumeru
2004). It is possible that enteric viruses in soil can be
transferred to the whole plant through damaged roots;
however, this way of contaminating fruits and vegetables
was inefficient and has been observed only during experi-
ments performed with large numbers of virus particles (Oron
et al. 1995). When account is taken of the ban on the use of
sewage sludge as a fertilizer for production of fruits and
vegetables, such internal contamination should not occur
naturally. On the other hand, the surface of fruits and
vegetables may well be exposed to fecal contamination
during irrigation with contaminated water (Ward et al. 1982).
During the preparation and distribution of these food types,
viruses can be transmitted by infected food handlers
especially when hygienic norms are not followed (Dalton
et al. 1996; Dalton 1997). Some studies have shown that
approximately 9.2% of infectious virus particles on contam-
inated hands can be transferred to lettuce when this is
handled (Bidawid et al. 2002a). Moreover, these products are
processed without the inclusion of a step for inactivation or
removal of bacteria and viruses. To improve microbiological
monitoring of food quality and assess the true role of food in
viral transmission, standardized methods need to be devel-
oped for use in reference laboratories and for the monitoring
of foodstuffs.
Various studies have dealt with the development of
standardized methods for detection of enteric viruses in
foods. Some of these studies were carried out as part of
European projects such as SEAFOODplus (www.seafoodplus.
org), which included detection of viruses in mussels. As
regards the standardization of methods for detection of
viruses in vegetables and fruit, the only comparative study
that has been reported was carried out on lettuce within the
European project “Foodborne viruses in Europe” (Le
Guyader et al. 2004b).
However, a single, detailed, and internationally validated
protocol may not be suitable for all fruits and vegetables.
Rather, various modifications of a basic protocol for groups
of fruit and vegetables are thought to be needed to take
account of the differences in the morphology and hydro-
phobic interactions of fruit and vegetable surfaces, differ-
ences in tissue compositions (that affect the amounts of
PCR inhibitory substances in, the pH of, and other qualities
of, samples from fruits and vegetables), and the processing
conditions to which the produce were subjected before they
were sampled (Dalton 1997; Cliver et al. 1983; Gulati et al.
2001; Kurdziel et al. 2001; Allwood et al. 2004).
In this paper, current methodologies are reviewed and
various strategies are proposed for the choice of controls for
procedures for detection of viruses. The use of an internal
amplification control (IAC), which is necessary for inter-
national standardization, is discussed.
Virus Detection
Before molecular methods were common use, methods for
detecting human enteric viruses in foods were based on the
inoculation of suitable food extracts into cell cultures.
However, because some enteric viruses cannot propagate in
cell culture, they are generally detected using the molecular
technique of reverse transcription-PCR (RT-PCR) which
involves the amplification of conserved regions of the
microorganisms’ genomes. The technique is extremely
sensitive and specific but it is unable to distinguish between
infectious and non-infectious virus particles (Richards
1999). Also, the amplification of the genetic material can
often be inhibited by substances that are present in the
foods and therefore the removal or inactivation of potential
inhibitors is a very important step in this methodology
(Atmar et al. 1995; Kreader 1996).
Most methods are designed to concentrate and purify
viruses and remove inhibitors before performing the RT-
PCR. For these purposes, multi-step elution and extraction
procedures are employed using a combination of several
reagents. Using this approach, significant progress has been
made in the detection of enteric viruses in shellfish (Le
Guyader et al. 1994; Lees et al. 1995; De Medici et al.
1998; Croci et al. 1999, 2000; Le Guyader et al. 2000; De
Medici et al. 2001, 2004). But much still needs to be done
before protocols for use with shellfish are suitable for other
foods.
Typically, a method for detection of viruses in food
involves the three different steps of: (1) elution and
clarification of the virus from the foodstuff, (2) concentra-
tion of the virus particles, and (3) nucleic acid extraction
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and detection. Various strategies have been proposed for the
performance of each step.
Virus Elution and Clarification
Detection of virus in fruits and vegetables starts with the
elution of the virus particles from the surface of the
product. Sadovski et al. (1978) published a paper on
the effects of manipulations of the drip irrigation proce-
dures on contamination of crops by bacteria and viruses
from effluent. For this purpose, cucumbers (Cucumis
sativum) were experimentally contaminated with poliovi-
rus. The virus was eluted from samples by two consecutive
treatments with 1,000ml of 0.85% sodium chloride in
0.02M phosphate buffer, pH 8.0. Some authors have
proposed only a vigorous washing with distilled water,
followed by centrifugation at 2,000×g for 20min, for
elution of HAV and rotavirus from lettuce (Latuca sativa)
and removing heavy contaminating material from the eluate
(Hernandez et al. 1997). However, many other eluting
buffers have been used such as phosphate buffer, pH 7.6, to
elute HAV from lettuce and fresh strawberries (Bidawid et
al. 2000b) and calicivirus from frozen strawberries (Ponka
et al. 1999); 1M sodium bicarbonate alone (Kurdziel et al.
2001) or with the addition of 1% soya protein (Rzeżutka et
al. 2005) for elution of enteric viruses from soft fruit and
salad; and 3% beef extract buffer, pH 9.5, for elution of
HAV from fresh produce such as lettuce, fennel, and carrot
(Croci et al. 2002). Acidic fruits such as raspberries can
reduce the pH of the “eluant” or “extractant” during the
elution step, which may lead to the pH falling below
neutrality, with reduction of the elution capacity and
consequent reduction of the detection sensitivity.
Eluant Conditions
Dubois et al. (2002) proposed a protocol that includes
washing the fruit or vegetable surface with a basic buffer
(pH 7.4 to 9.5) supplemented with a salt (100mM Tris–
HCl), an amino acid (50mM glycine), and protein (3% beef
extract). The proposed washing fluid breaks the electrostat-
ic and hydrophobic interactions between fruit or vegetable
surfaces and viruses. The supplementing of the buffer with
Tris favors the elution of virus particles from acidic berries
and provides a satisfactory medium when the eluate is to be
used in RT-PCR, but it decreases viral infectivity. To limit
the decrease in viral infectivity caused by the solution, it
was supplemented with 50mM MgCl2. Previous studies had
shown that enteric viruses are more resistant to inactivation
in the presence of MgCl2 (Parry and Mortimer 1984).
Pectinase should also be added to prevent jelly formation
(Rzeżutka et al. 2005; Dubois et al. 2002; Rzeżutka et al.
2006). Le Guyader et al. (2004b) compared five methods
(A–E) for the detection of enteroviruses, canine calicivi-
ruses, and NoVs from spiked lettuce. Four of the methods
included the use of a different elution buffer. The buffers
used were: phosphate-buffered saline and Vertrel solution
(1,1,1,2,3,4,4,5,5,5-decafluoropentane) (methods A and D),
3% beef extract, pH 9.5 (method B), glycine-buffered
saline, NaCl plus 0.05M glycine, pH 9.5 (method C), and
glycine buffer, pH 8.5 (method E). For method C, the
addition of a cationic agent CatFloc TL (polydiallyldime-
thylammonium chloride) and a chloroform–butanol (1:1)
mixture to enhance the flocculation and clarification of the
eluate was proposed. The data suggested that methods C
and E provided better results, irrespective of the differences
between subsequent concentration steps.
Clarification
After elution, it is necessary to remove food particles from
the eluate containing the viruses in suspension. This
clarification should be performed at high pH to prevent
the adsorption of viruses to the fruit or vegetable matter.
Frequently, low speed centrifugation at 14,000×g or below
has been used to clarify the eluate. The pellet containing
fruit or vegetable matter could then be discarded while
viruses remained in the aqueous phase. Filtration through
large porosity filters, previously treated for non-adsorption
of viruses, has also been used to remove food particles.
Pectinase can be added after clarification to prevent jelly
formation during neutralizing of the eluate (Rzeżutka et al.
2005; Dubois et al. 2002; Rzeżutka et al. 2006). Without
the addition of pectinase, jellies can form in eluates
containing juices from soft fruits such as raspberries and
frozen fruits.
Concentration of Virus Particles
If contaminated at all, foods are likely to contain very low
levels of enteric viruses. Considering this and the low
infectious dose of viruses, the concentration step is very
important for realistic detection of enteric viruses in food
products.
Various strategies have been proposed for the concentra-
tion of viruses. Virus concentration methods always have to
be adapted to be compatible with the eluant used and the type
of food that is being analyzed. For example, juices released
from soft fruits might interfere with virus concentration
through filtration by clogging the filters. In such a case,
precipitation of viruses would be preferable. Viruses can be
precipitated by the addition of polyethylene glycol (PEG) to
the clarified eluate, which is a compound that reduces the
solubility of macromolecules (Lewis and Metcalf 1988).
Salad vegetables are more resistant to disruption by
washing treatments than are soft fruits. Viruses in clarified
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eluates from salad vegetables can therefore be concentrated
by filtration, which is more rapid than concentration by
precipitation. The viruses adsorbed on membrane or
cartridge filters can be eluted with the same eluants as used
with fruit and vegetable surfaces, but with smaller volumes
of eluate.
Ultracentrifugation at 100,000×g can be used to pellet
viruses. This last method requires expensive equipment and
can be used only with eluates free of vegetable matter that
were obtained from hard fruits or vegetables. Recently, this
method of concentration was adapted for use with eluates
from fresh raspberries (Rzeżutka et al. 2005; Rzeżutka
2006). Sadovski et al. (1978) performed virus concentration
in the following two stages: first, the viruses were absorbed
onto 0.45-nm Cox filters and eluted by washing the filter
three times with 30ml of 3% beef extract, pH 9.0; then, the
three washings were pooled and reconcentrated by organic
flocculation (Katzenelson et al. 1976). Ward et al. (1982)
adapted the Sadovski method for use with large sample sizes
of vegetables. To determine the efficiency of virus recovery
by this method, poliovirus was seeded onto cabbage, celery,
spinach, and lettuce. After elution of samples with 2l of
phosphate buffer, pH 9.0 at 4C, the eluate was clarified by
filtration through glass wool and glass fiber filters. A
preliminary study had shown that the efficiency of virus
recovery on such filters was almost 100%. The adsorbed
viruses were eluted by washing the filters twice with 3%
beef extract, pH 9.0. The recovery of viruses was 71%.
Gilgen et al. (1977) studied the detection of enterovirus,
rotavirus, HAV, and small round structured viruses in water
samples. In this paper, concentration was achieved by a
three-phase isolation procedure that included filtration of
eluate through a positively charged nylon membrane ultra-
filter and cleanup of the viral RNA with a silica-based
membrane. Other authors adopted the adsorption of viruses
on electronegative or electropositive filters after elution
with very similar buffers (containing 1% or 3% of beef
extract at pH 9.0 or 9.5) (Bidawid et al. 2000b; Dubois et
al. 2002). The percentages of recovery of enteric viruses
can be variable depending on the method and the vegetable
used, e.g., between 36% and 74% using filtration of elution
buffer used to rinse vegetables artificially contaminated
with poliovirus and adenovirus (Ward et al. 1982), between
2% and 70% of HAV that were recovered by elution and
PEG precipitation with lettuce (Sair et al. 2002), and around
20% with frozen raspberries (Dubois et al. 2006). A rapid
method for the concentration of enteric viruses by filtration
was recently validated by an intralaboratory study (Dubois
et al. 2006). The method was able to recover 18% of
poliovirus, 64% of HAV, and 29% of F-RNA-specific
bacteriophages with no significant interfering effects of
salad vegetables being observed when the viruses were
enumerated by plaque assay or double agar layer method.
Centrifugation
Centrifugation-based procedures for extraction of viruses
from soft fruit and salad vegetables have been developed by
Cook and co-workers (Rzeżutka et al. 2005, 2006). These
procedures avoid the use of filtration or virus flocculation
by removing food debris by centrifugation then concentrat-
ing virus particles through sedimentation by ultracentrifu-
gation. Initial details of the methods were published by
Kurdziel et al. (2001). Various soft fruits and salad
vegetables were artificially contaminated with poliovirus,
then stomached or pulsified with 1M sodium bicarbonate to
facilitate removal of viruses from the vegetable surfaces.
After decanting, the liquid was centrifuged at 28,000×g for
30min to remove food solids. Removal of solids was
assisted by flocculation with CatFloc TL (Kostenbader and
Cliver 1981). Viruses were sedimented at 240,000×g for 1h
and resuspended in a 500-µl volume of cell culture
medium. Infectious polioviruses were enumerated before
contamination of, and after extraction from, the produce to
determine the efficiency of recovery. This was 50% for
lettuce, 20% for green onion, and 25% for white cabbage.
The recovery efficiency was between 5% and 65% for
strawberries and between 4% and 6% for raspberries, the
variability probably due to the nature of the pellet after
ultracentrifugation, which was quite gelatinous and difficult
to resuspend. The methods were useful for studies of virus
survival (Kurdziel et al. 2001), but further development was
considered necessary at least for the soft fruit before the
centrifugation-based approach was applicable for routine
analysis of produce. Rzeżutka et al. (2005, 2006) refined
the centrifugation-based method for extraction of viruses
from raspberries and strawberries. Soya protein powder was
incorporated in the alkaline extractant to facilitate desorp-
tion of virus particles from surfaces. Instead of stomaching
the fruits, they were gently rolled for 15min to facilitate
removal of virus from the surfaces without producing too
much debris. Also, pectinase was added prior to the
centrifugation step to produce a smaller and more easily
resuspendable pellet after ultracentrifugation. The ultracen-
trifugation time was increased to 2h, as this was found to
increase recovery. Using infectious poliovirus, the efficien-
cy of recovery was determined to be approximately 40%
(Rzeżutka et al. 2006). Recovery of NoV from raspberries
was estimated by diluting the suspensions used to contam-
inate the fruit and the extracts, extracting nucleic acids, and
applying an RT-PCR assay. Comparison between the end
points of the NoV RT-PCR signals indicated that at least
10% of the virus particles were being recovered (Rzeżutka
et al. 2005). The sensitivity of detection of HAV in
raspberries and strawberries was determined by comparing
the number of RT-PCR units detectable in the extract with
the number in the contaminating suspension; the method
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(extraction+RT-PCR) was shown to be able to detect 104
RT-PCR units HAV in 90g fresh strawberries and 103 RT-
PCR units HAV in 60g fresh raspberries. The limiting
factors for the efficiency of recovery were considered to be
the volume of fruit extract used for nucleic acid extraction
and the volume of nucleic acid extract used in the RT-PCR.
If these could be increased, then it could be possible to
increase recovery efficiency by approximately 2 logs
(Rzeżutka et al. 2006).
Ultrafiltration
Another concentration method proposed by various authors
is ultrafiltration, in which virus is entrapped in a sample
because of its molecular size rather than by particle charge.
Pores in the membrane, varying from 10 to 100kDa, permit
passage of liquids and low molecular mass particles in
solution and exclude viruses and macromolecules. Ultrafil-
tration has been described for the concentration of viruses
from several foods including fruits and vegetables (Le
Guyader et al. 2004b; Finance et al. 1981; Kostenbader and
Cliver 1981; Rutjes et al. 2005). Release of virus particles
from food surfaces prior to ultrafiltration is achieved by
using either demineralized water adjusted to pH 9.0 or a
0.05 to 0.09M glycine-containing elution buffer (pH 8.5 to
9.5) and is generally followed by a clarification step using
centrifugation. Flocculants might be added to facilitate
clarification (Kostenbader and Cliver 1981) and pretreat-
ment of the membranes has been described to positively
affect virus recoveries (Berman et al. 1980). Where in the
past mainly expensive filter holders with magnetic stirrers
were needed to perform ultrafiltration under high pressure,
nowadays, several companies provide ultrafiltration spin
columns or microconcentrators which are capable of
concentrating volumes varying from less than 1 to 80ml.
Depending on the type of microconcentrator, volumes can
be reduced to 25–200μl. Le Guyader et al. (2004b)
described that, by eluting of viruses in 5ml of glycine
buffer (pH 8.5) from 10g of artificially contaminated lettuce
followed by concentration of the eluate by ultrafiltration, no
co-isolation of RT-PCR inhibitors was observed (Rutjes et
al. 2005). However, recoveries of calicivirus PCR-detect-
able units seeded into the eluate appeared to be no more
than 0.1% to 1%, depending on the RNA extraction method
(Rutjes et al. 2005). Ultrafiltration recoveries of viable
viruses from lettuce as determined by a cell culture plaque
assay resulted in much higher recoveries (Kostenbader and
Cliver 1981). This large difference in detected recoveries
might be explained by the fact that RT-PCR does not only
detect viable viruses but defective particles as well.
Those defective particles can pass through the filter, leading
to lower comparative recoveries when they are determined by
infectivity assay. To demonstrate, the ratio between infectious
enterovirus and enterovirus PCR-detectable units determined
in water concentrated by negative membrane filtration and
ultrafiltration ranged from 70 to 50,000 (Rutjes et al. 2005).
Secondary Purification
At the end of the sample treatment, a secondary purification
may be performed to remove interfering substances
previously co-purified with viral particles or to reduce
again the final volume of viral concentrates (Ward et al.
1982; Bidawid et al. 2000b; Sair et al. 2002; Dubois et al.
2006; Leggitt and Jaykus 2000). In Table 1, the principal
steps of enteric virus purification and concentration
methods from different kinds of food, particularly lettuce
and fruit, published by various authors, are depicted.
RNA Extraction
The capacity of an extraction method to obtain a nucleic
acid sample as pure as possible is a particularly important
step, especially for enteric RNA viruses for which a reverse
transcription stage is necessary. Indeed, the high suscepti-
bility of reverse transcriptase to inhibitory substances is a
major limiting factor in molecular biological methods
(Wilde et al. 1990). Sair et al. (2002) showed that detection
of viruses in lettuce samples was consistently less sensitive
than in hamburger. This may be due in part to residual
inhibitory compounds that continue to be associated with
plant food matrices. A lot of methods have been proposed
for extracting viral RNA and simultaneously reducing the
level of inhibitors (Sair et al. 2002; Butot et al. 2007).
When choosing an extraction technique to use for routine
testing of a large number of samples, it is important to
consider simplicity of use (with the possibility of automa-
tization, rapidity of execution, and costs) (Rutjes et al.
2006). The least expensive methods are “in-house” techni-
ques but they are difficult to automatize, while commercial
techniques are more expensive but allow simultaneous
extraction of RNA from different samples. The combination
of new sophisticated and expensive nucleic acid robots to
extract RNA from different matrices allows increased
numbers of samples for each cycle of extraction. All RNA
extraction methods from food matrices require multiple
steps involving the use of reagents such as guanidinium
isothiocyanate, cetyltrimethylammonium bromide (CTAB),
phenol–chloroform sephadex, chelex, etc. In general,
chemical processes only deal with a single category of
inhibitors; chelex or sephadex allow salt and small proteins
to be effectively eliminated (De Leon et al. 1992; Straub et
al. 1994), while CTAB has made it possible to eliminate
polysaccharides (Boom et al. 1990). Of the “home-made”
methods, the method proposed by Boom et al. (1990) or
Afzal and Minor (1994) has been reported in different
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T
ab
le
1
M
et
ho
ds
fo
r
co
nc
en
tr
at
io
n
an
d
ex
tr
ac
tio
n
of
en
te
ri
c
vi
ru
se
s
fr
om
fr
ui
ts
an
d
ve
ge
ta
bl
es
F
oo
d
E
lu
tio
n
C
la
ri
fi
ca
tio
n
C
on
ce
nt
ra
tio
n
S
ec
on
da
ry
ex
tr
ac
tio
n
A
ut
ho
rs
V
eg
et
ab
le
s
(5
to
10
kg
)
W
as
hi
ng
w
ith
ph
os
ph
at
e
bu
ff
er
pH
9.
0
(5
to
25
l)
F
ilt
ra
tio
n
w
ith
gl
as
s
w
oo
l
sa
tu
ra
te
d
w
ith
se
ru
m
F
ilt
ra
tio
n
w
ith
el
ec
tr
on
eg
at
iv
e
ca
rt
ri
dg
e
O
rg
an
ic
fl
oc
cu
la
tio
n
pH
3.
5,
30
m
in
W
ar
d
et
al
.
(1
98
2)
R
ec
ov
er
y
of
vi
ru
se
s
w
ith
3%
be
ef
ex
tr
ac
t
so
lu
tio
n,
pH
9.
0
C
en
tr
if
ug
at
io
n
3,
00
0
×
g,
10
m
in
L
et
tu
ce
(2
0
g)
W
as
hi
ng
in
gl
yc
in
e
bu
ff
er
pH
8.
8
(1
00
m
l)
F
lo
cc
ul
at
io
n
w
ith
ca
tio
ni
c
co
m
po
un
d
(C
at
F
lo
c
T
L
)
an
d
fi
ltr
at
io
n
U
ltr
af
ilt
ra
tio
n
–
C
liv
er
et
al
.
(1
98
3)
L
et
tu
ce
(5
he
ad
s)
H
om
og
en
iz
at
io
n
in
w
at
er
C
en
tr
if
ug
at
io
n
2,
00
0
×
g,
20
m
in
U
ltr
ac
en
tr
if
ug
at
io
n
10
0,
00
0
×
g,
1
h
–
H
er
na
nd
ez
et
al
.
(1
99
7)
D
el
ic
at
es
se
n
fo
od
(2
0–
40
g)
P
B
S
—
m
ix
fo
r
5
m
in
(t
hr
ee
tim
es
)
F
re
on
(7
0
m
l)
P
re
ci
pi
ta
tio
n
w
ith
10
%
P
E
G
60
00
–N
aC
l
S
ch
w
ab
et
al
.
(2
00
0)
T
R
Iz
ol
(8
m
l)
C
en
tr
if
ug
at
io
n
8,
00
0
×
g,
20
m
in
P
el
le
t
w
as
hi
ng
w
ith
70
%
E
tO
H
D
el
ic
at
es
se
n
fo
od
(3
0
g)
T
R
Iz
ol
w
as
hi
ng
(4
m
l)
C
en
tr
if
ug
at
io
n
8,
00
0
×
g,
20
m
in
S
ch
w
ab
et
al
.
(2
00
0)
P
el
le
t
w
as
hi
ng
w
ith
70
%
E
tO
H
L
et
tu
ce
an
d
st
ra
w
be
rr
ie
s
(2
to
3
cm
2
)
W
as
hi
ng
in
ph
os
ph
at
e
bu
ff
er
,
pH
7.
6
(5
0
m
l)
–
F
ilt
ra
tio
n
w
ith
el
ec
tr
op
os
iti
ve
m
em
br
an
e
fi
lte
r
A
nt
ig
en
ic
ca
pt
ur
e
w
ith
m
on
oc
lo
na
l
an
tib
od
ie
s
co
at
ed
on
to
pa
ra
m
ag
ne
tic
pa
rt
ic
le
s
B
id
aw
id
et
al
.
(2
00
0b
)
E
lu
tio
n
w
ith
N
aC
l–
1%
be
ef
ex
tr
ac
t
bu
ff
er
,
pH
9.
0
L
et
tu
ce
(1
0
g)
an
d
st
ra
w
be
rr
ie
s
(1
00
g)
W
as
hi
ng
w
ith
gl
yc
in
e–
3%
be
ef
ex
tr
ac
t
bu
ff
er
,
pH
9.
5
(1
00
m
l)
O
rg
an
ic
fl
oc
cu
la
tio
n
pH
3.
5,
30
m
in
–
G
ul
at
i
et
al
.
(2
00
1)
C
en
tr
if
ug
at
io
n
4,
00
0
×
g,
15
m
in
L
et
tu
ce
(3
0
g)
1
M
so
di
um
bi
ca
rb
on
at
e
(9
0
m
l)
U
ltr
ac
en
tr
if
ug
at
io
n
24
0,
00
0
×
g,
30
m
in
K
ur
dz
ie
l
et
al
.
(2
00
1)
C
en
tr
if
ug
at
io
n
28
,0
00
×
g,
30
m
in
G
re
en
on
io
n
(9
–1
0
g)
1
M
so
di
um
bi
ca
rb
on
at
e
(9
0
m
l)
S
to
m
ac
hi
ng
20
s
U
ltr
ac
en
tr
if
ug
at
io
n
24
0,
00
0
×
g,
1
h
K
ur
dz
ie
l
et
al
.
(2
00
1)
C
ab
ba
ge
(9
0
g)
1
M
so
di
um
bi
ca
rb
on
at
e
(9
0
m
l)
S
to
m
ac
hi
ng
20
s
U
ltr
ac
en
tr
if
ug
at
io
n
24
0,
00
0
×
g,
30
m
in
K
ur
dz
ie
l
et
al
.
(2
00
1)
C
en
tr
if
ug
at
io
n
28
,0
00
×
g,
30
m
in
S
tr
aw
be
rr
y
(1
00
g)
1
M
so
di
um
bi
ca
rb
on
at
e
(1
5
m
l)
w
ith
pr
ot
ei
n
po
w
de
r
an
d
pe
ct
in
as
e
S
to
m
ac
hi
ng
1
m
in
U
ltr
ac
en
tr
if
ug
at
io
n
24
0,
00
0
×
g,
1
h
K
ur
dz
ie
l
et
al
.
(2
00
1)
,
R
ze
żu
tk
a
et
al
.
(2
00
6)
1
m
l
C
at
F
lo
c
S
pu
n
28
,0
00
×
g,
3
m
in
R
as
pb
er
ry
(6
0
g)
1
M
so
di
um
bi
ca
rb
on
at
e
(3
5
m
l)
w
ith
pr
ot
ei
n
po
w
de
r
an
d
pe
ct
in
as
e
S
to
m
ac
hi
ng
1
m
in
U
ltr
ac
en
tr
if
ug
at
io
n
24
0,
00
0
×
g,
1.
5
h
K
ur
dz
ie
l
et
al
.
(2
00
1)
,
R
ze
żu
tk
a
et
al
.
(2
00
5)
1
m
l
C
at
F
lo
c
S
pu
n
28
,0
00
×
g,
3
m
in
L
et
tu
ce
(5
0
g)
H
om
og
en
iz
at
io
n
in
gl
yc
in
e–
N
aC
l
bu
ff
er
,
F
ilt
ra
tio
n
w
ith
ga
uz
e
an
d
ce
nt
ri
fu
ga
tio
n
3,
00
0
×
g,
P
re
ci
pi
ta
tio
n
w
ith
6%
P
E
G
–N
aC
l
(o
ve
rn
ig
ht
at
4°
C
)
C
en
tr
if
ug
at
io
n
14
,0
00
×
g,
15
m
in
L
eg
gi
tt
an
d
Ja
yk
us
(2
00
0)
,
S
ai
r
et
al
.
(2
00
2)
78 Food Anal. Methods (2008) 1:73–84
papers to be useful for extraction and purification of viral
RNA from vegetables and other food (Croci et al. 2002;
Leggitt and Jaykus 2000; Jean et al. 2004). In contrast to
chemical processes, viral immunocapture methods are more
efficient since they specifically isolate the viruses from the
different inhibitory substances present in the sample (De
Serres et al. 1999; Kobayashi et al. 2004).
RNA Amplification and Detection
The sensitivity and specificity of the RT-PCR amplification
methods depend, in large parts, on primer selection. RT-
PCR is currently the most widely used diagnostic assay for
enteric viruses. Different authors have demonstrated that a
single round PCR may not be sensitive enough to detect
enteric viruses in food because of the possible low numbers
present (De Medici et al. 1998, 2004; Formiga-Cruz et al.
2005), and thus only using a second round of amplification
might lead to detection of the virus. In particular, DNA
amplification sensitivity and specificity using RT-PCR
depends, to a large degree, on the selection of primers and
probes. To accommodate this, efforts are being made within
various EU projects, between reference laboratories and
within the European Committee for Standardization/Tech-
nical Committee/Working Group 6/Task Group 4 on virus
detection in foods (CEN/TC275/WG6/TAG4), to standard-
ize RT-PCR-based protocols. The introduction of automatic
amplification technology such as RT-PCR and nucleic acid
sequence-based amplification (NASBA) has significantly
improved and simplified the detection of viral nucleic acids.
NASBA is an isothermal nucleic acid amplification method
that amplifies an RNA template without a separate reverse
transcription step (Cook 2003). The NASBA approach has
been applied to the detection of enteric viruses such as the
genogroup I and genogroup II NoVs (Moore et al. 2004)
and HAV (Jean et al. 2001).
Quality Controls
Extraction and reverse transcription are critical steps for the
detection of RNA viruses in foods. In order to achieve
reliable and sensitive results, it is important to take into
account the extraction efficiency, avoidance of contamina-
tion during the whole process, optimal RT-PCR conditions,
and adequate primer sets (Sair et al. 2002; Nishida et al.
2003; Vinje et al. 2003). The consequence of a false
negative result may be an undetected contamination,
whereas false positive results might arise from laboratory
contamination, especially when performing two subsequent
rounds of PCR or nested PCR. Therefore, to avoid false
negative and false positive PCR results, appropriate con-
trols need to be included.Ta
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Vegetables and fruits may contain substances that could
inhibit the individual RT and PCR reactions. Many studies,
partly reported in the present review, have been performed
to eliminate inhibitors in environmental and food samples.
Inhibiting substances may persist in the extracted sample
and can lead to false negative results (Le Guyader et al.
2004a). Moreover, malfunction of the thermal cycler,
incorrect PCR mixture, or poor polymerase activity could
contribute to false negative results. Hoorfar et al. (2003)
underlined that, while false negative results pose a threat for
a population, false positive results merely lead to a
clarification of presumptive results by retesting the sample.
A typical way of revealing false negative RT-PCR results
consists of simultaneously analyzing test samples and one
sample spiked with the same “target” virus (Fout et al.
2003). While this is an adequate approach, it is expensive
and requires extra sample materials and therefore decreases
the number of samples available to test within a batch and
to test for additional viruses.
Hence, apart from positive and negative detection controls,
there is a critical need for sufficient quality controls during the
entire food analysis. At least, a process control and an
amplification control should be employed.
Process Controls
The idea of a process control is to spike a sample with a
known amount of an agent that possesses similar character-
istics of behavior in the food matrices as the virus of interest.
The spiking must be done prior to extraction. The level of
recovery of such a control will allow the relative quantifica-
tion of the efficiency of the sample extraction procedure.More
important, it will provide data that can assist the interpretation
of whether negative results could be false due to failure of the
extraction procedure (Le Guyader et al. 2004a).
A process control should comply with the following
criteria. Firstly, it should be closely related to the
investigated virus, e.g., contain the same nucleotide
composition as its genome and, if possible, be a represen-
tative of the genus or family of the target virus. Secondly, it
should be easily available, simple to standardize, and
harmless to work with for the analyzing laboratory. Thirdly,
for quantitative testing, it is important that the process
control virus is not naturally present in the investigated
samples (Hoorfar et al. 2004).
Process controls can be added to the analyzed sample as
internal process controls (IPC) or in a parallel sample
within the same setup as an external process control. While
the use of an IPC is more labor dependent, requiring the
addition of extra primers to every sample, it has the
advantage of allowing the detection efficiency of every
individual test to be determined as this can differ with
respect to viral recovery and inhibitor removal if the tissue
composition (risk of various amounts of inhibitors) of each
sample varies (Hoorfar et al. 2004).
Cultivable Controls
Closely related to the non-cultivable human NoVs (Duizer
et al. 2004a), the family of Caliciviridae includes cultivable
animal viruses (with developed RT-PCR primers), which
could therefore be used as process controls for the detection
of NoVs in food. Among these viruses are the feline
calicivirus (FCV) (Sykes et al. 2001; McCann et al. 2003;
Bidawid et al. 2003; Helps and Harbour 2003), the canine
calicivirus (CaCV) (Hashimoto et al. 1999), and the murine
NoV (MNV-1) (Karst et al. 2003; Wobus et al. 2004). To
our knowledge, none of these viruses have been detected in
food but as NoV surrogates, both FCV and CaCV have
been widely studied during examinations of viral transmis-
sion and persistence (Slomka and Appleton 1998; Duizer et
al. 2004b). Despite the fact that FCV is more resistant to an
acidic environment than CaCV, FCV is more susceptible to
inactivation than human enteric viruses. Consequently,
FCV does not seem to be a suitable surrogate for infectious
viruses as a control in processes using acidification steps
(Dubois et al. 2006). Nevertheless, FCV may be an option
as a process control during NoV diagnostics in foods.
However, the newly cultivable MNV-1 is more closely
related to NoV than both FCV and CaCV, and therefore it
will be interesting to follow future studies to see if this
virus shows similar behavior to human NoV.
As a member of the genus Hepatovirus from the family
of Picornaviridae, HAV is closely related to the avian
encephalomyelitis virus (AEV) (Marvil et al. 1999). This
virus exists as a vaccine (Calnek strain) which provides
easy access to the strain. Moreover, its sequence is available
(GenBank accession number AJ225173), RT-PCR primers
have been developed (Todd et al. 1999), and there is no
evidence of its presence in food. For these reasons, AEV
could be a candidate as a process control for HAV
diagnostics. Other Picornaviridae such as poliovirus, which
also exist as vaccine strains (killed or attenuated) with
developed RT-PCR primers (Fout et al. 2003), have been
used as process controls (Le Guyader et al. 2004a; Beuret et
al. 2003). However, this virus has been detected in food
(Lodder-Verschoor et al. 2005) and can be present as a
foodborne pathogen (Lees 2000). Recently, Costafreda et
al. (2006) proposed as process control a modified non-
pathogenic mengovirus that presents structural character-
istics very similar to those of HAV.
Extraction Efficiency
In several studies of foodborne virus investigations, the
extraction efficiency of the applied method has been
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determined by the level of recovery of an added cultivable
model virus like enterovirus, FCV, HAV, and MS2 phage
(Le Guyader et al. 2004b; Croci et al. 2002; Dubois et al.
2006) in terms of values of plaque forming units (pfu),
TCID50, or RT-PCR end point titrations per amount of food
item. In other studies, the efficiency has been determined as
percentage of recovery after spiking with tenfold dilutions
of NoV per amount of food (Rzeżutka et al. 2005). As
success criteria for satisfactory viral RNA recovery, the
detection of a relatively high titer of NoV added prior to
extraction has been used (Beuret et al. 2003; Green et al.
1998). However, using the same virus as both process
control and target of investigation poses a risk of false
positive results which may arise due to cross contamination
during the extraction or amplification process. In a study of
a raspberry outbreak, Le Guyader et al. (2004a) used low
levels of enterovirus as an IPC and noticed a variation of
the extraction efficiency between samples that may have
occurred due to inconsistency of tissue composition among
samples.
Laboratory Safety
The risk of infection for laboratory workers has to be
considered when human or animal pathogenic viruses are
used as controls in the diagnostics. This disadvantage can
be overcome by using the Escherichia coli phage MS2 as a
target for controlling viral nucleic acid extraction. MS2
phage has an RNA genome, is simple to produce in high
yields, and standardization is possible by plating assays to
determine pfu. Moreover, stocks of MS2 have shown to be
stable for routine use and sensitive TaqMan probes have
been developed (Dreier et al. 2005). However, the
shortcoming of coliphages as controls for extraction
processes in quantitative assays is that they can be naturally
present in food items.
Pasloske et al. (1998) describe the development of a
versatile, novel system for creating RNase-resistant RNA.
“Armored RNA” is a complex of MS2 bacteriophage coat
protein and RNA produced in E. coli by the induction of an
expression plasmid that encodes the coat protein and an
RNA standard sequence. The RNA sequences are com-
pletely protected from RNase digestion within the bacte-
riophage-like complexes. The idea is to introduce such a
recombinant MS2 phage as a process control.
Internal Amplification Controls
Recently, a general guideline for PCR testing that requires
the presence of an internal amplification control (IAC) in a
reaction mixture has been published by the European
Standardization Committee in collaboration with the Inter-
national Standard Organization (Anonymous 2005). An
IAC is a non-target nucleic acid (NA) sequence present in
the same sample reaction tube, which is co-amplified
simultaneously with the target sequence (Hoorfar et al.
2004). An endogenous IAC is a template that occurs
naturally within the specimen being analyzed. In gene
expression analysis and virus screenings of clinical sam-
ples, housekeeping genes are often used as IACs and
references for transcript quantification (Hennig et al. 2001;
Poom et al. 2004), but they have to be proven for any
specimens or target. Exogenous IACs are added before
nucleic acid amplification (amplification control) where
amplification of the IAC can be performed in a second RT-
PCR or co-amplified within the same reaction as the target.
Ideally, these IACs hybridize to the same primers, have
identical amplification efficiencies, and contain discrimi-
nating features such as length or sequence variations
targeted by hybridization probes or TaqMan probes.
However, these IACs can lower the amplification efficiency
when co-amplified, which results in a lower detection limit
of the target virus (Hoorfar et al. 2004). To overcome this, a
non-competitive IAC template can be used where the target
and IAC are amplified with different primer sets. The
disadvantage is that the amplification efficiency of the IAC
may not accurately reflect amplification efficiency of the
target (Hoorfar et al. 2004).
Different strategies to build RNA-IACs for enteric
viruses in food samples were recently described. Among
these, Kleiboeker (2003) recommended using two long
oligonucleotide primers containing multiple primer binding
sites as IAC to synthesize heterologous competitive RNA
molecules. Another approach is to construct an IAC derived
from the same target virus, distinguishable from the viral
amplicon by gel electrophoresis and DNA hybridization
depending on the difference in length between the two
(Parshionikar et al. 2004).
A RNA-IAC was constructed in two phases to use in a
NASBA-based method. In the first phase, a double-
stranded DNA fragment that contains non-target sequences
flanked by target sequences complementary to the NASBA
primers is produced. In the second phase of IAC construc-
tion, RNA transcripts are produced from chimeric DNA by
T7 polymerase (Rodriguez-Lazaro et al. 2004). So far, only
Rzeżutka et al. (2006) have reported the use of an IAC in a
PCR-based method for detection of viruses in fruits.
Cell Culture-based Methods
Although the detection of enteric viruses in food is regularly
performed by RT-PCR, there are limitations in RT-PCR for
measuring the virological safety of foods since molecular
methods do not discriminate between viable infectious virus
particles and defective non-infectious virus (Richards 1999).
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Although for several enteric viruses, different cell culture
methods have been described (De Medici et al. 2001); no
reliable cell culture systems are available for viruses such as
HEV and NoV (Duizer et al. 2004a).
Cytopathic effects (CPE) in monolayer cell culture
caused by virus-specific killing of infected cells are visible
by ordinary light microscopy and allow the presence or
absence of infectious virus to be determined. Enumeration
of liquid cell culture systems can be done by titration and
the calculation of the ‘most probable number’ or ‘tissue
culture infectious dose 50’ (TCID50). Besides cell culture in
liquid assays, viruses can be cultured in a plaque assay
under a solid medium which localizes CPE around the
initially infected cell, resulting in the formation of a plaque.
By combining cell culture and RT-PCR (cc-RT-PCR),
indirect detection of infectivity is obtained, which circum-
vents the usual long incubation periods for CPE formation
(Dubois et al. 2002; O’Mahony et al. 2000; Reynolds et al.
1996) and can also reveal non-cytopathic growth of virus
(De Medici et al. 2001). Moreover, many non-cell culture-
adapted viruses that circulate in the population and are
present in foods are regularly difficult to culture but can be
detected by molecular methods without the need of CPE
formation.
Various Cell Lines
Several infectious viruses have been analyzed by cell
culture assays for the detection of viruses in fruits and
vegetables. Plaque assays (Leggitt and Jaykus 2000) and
TCID50 assays (Dubois et al. 2002) have been used for the
detection of infectious poliovirus and HAV in seeded
lettuce samples by using the African green monkey
kidney-derived cell lines BGMK and Vero and a fetal
rhesus monkey-derived cell line (FRhK-4). O’Mahony et
al. (2000) described a rotavirus plaque assay to study
survival of rotavirus following heat and UV irradiation as
well as to determine survival in experimentally contami-
nated foods, including lettuce. To this end, rotaviruses were
tissue culture-adapted by propagation in the human colon
adenocarcinoma cell line CaCo-2 and the African green
monkey kidney cell line MA104 was used to develop a
plaque assay. Thus, artificial contamination of foods by
seeding of cell culture-adapted viruses such as the rotavirus
strain Wa and the HAV strain HM175 and subsequent
detection by CPE is a useful tool to study recoveries of
concentration methods or virus inactivation.
Problems with Cell Cultures
However, the analysis of naturally contaminated samples by
cell culture assays is extremely difficult, time consuming,
and expensive because of the slow, non-cytopathic growth
of the majority of viruses. Although detection by integrated
cc-RT-PCR circumvents the necessity of CPE formation, it
has the potential to detect nucleic acids derived from
inactivated virus present in the sample that was inoculated
into cell culture (Sobsey et al. 1998). Therefore, Jiang et al.
(2004) developed a RT-PCR assay for detection of HAV in
water samples that specifically detected negative-stranded
HAV RNA. This RNA intermediate is specifically present
during replication of the virus, indicating that HAV
infection did occur. The same principal was applied by
Ko et al. (2003a, b) who developed a RT-PCR assay for
detection of infectious adenovirus in water by specific
detection of mRNA derived from intracellular replicating
adenovirus. Detection of replication intermediates by RT-
PCR in combination with cell culture could be a reliable
tool to detect infectious enteric viruses in foods.
Conclusion and Recommendations
Because of the inability of several important enteric viruses
like NoV to be propagated in cell culture and because of the
low infectious dose of enteric viruses and the low
concentration of virus in food, the molecular technique of
RT-PCR has evolved as the detection method of primary
choice. RT-PCR is sensitive and specific, but can easily be
inhibited by substances that can be present in the fruit or
vegetable matrix. The removal or inactivation of potential
inhibitors is a very important step in the methodology
(Atmar et al. 1995).
A general outline can be given for virus detection protocols
for fresh fruit and vegetables. However, due to the large
variations in steps and parameters and the shortage of
comparison studies, it is impossible to compose an optimal
protocol from the literature. The overall method to extract and
detect viruses in foods could be divided into three different
steps: (1) virus elution and clarification from substrates, (2)
concentration of the viruses, and (3) RNA extraction and
purification, amplification, detection of amplified products,
and confirmation of the results. Different strategies have been
proposed and used to perform these different steps. To come
to a standardized horizontal virus detection method for fruit
and vegetables, a standard protocol will have to be established
for each of the three consecutive steps to form an overall
standard method. Given the large differences in composition
between soft fruit and hard surface vegetables, it will probably
be very difficult, if possible, to select one elution and
clarification method of viruses that can be used in all kinds
of fruits and vegetables. Several very different methods are
used for concentration of viruses eluted from fruit and
vegetable matrices. To select a high-yield standard virus
concentration method for horizontal use, accurate comparison
studies will have to be performed with different fruit and
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vegetable matrices. The virus concentration methods de-
scribed in this paper could be the methods of choice in such
comparison studies.
RNA extraction and purification can be performed using
in-house methods, but nowadays often well-standardized
and easy-to-use commercially available kits are used. In
general, all of these methods are based on the involvement
of chemicals such as guanidinium thiocyanate and cetyl-
trimethylammonium bromide. In contrast to chemical-based
processes, generally more efficient immunocapture methods
can also be used. The sensitivity and specificity of RT-PCR
amplification is highly dependent on the selection of
primers and probes. To harmonize this aspect, efforts are
made within the CEN/TC275/WG6/TAG4 (virus detection
in foods) to standardize RT-PCR protocols, but changes in
circulating virus strains will require continuous work on
primer selections. At present, real-time PCR is the method
of choice, but Europe may need to launch a separate
research project to specifically deal with this issue.
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